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Abstract

We will deseribe a compnter code based on an analysis for an
cuiirtance growth mechanism for electron beams in photoelecene
injectors. The analysis leids to a generie injector design with
a single external solenoid used for hoth focusing the beam and
redducing the correliated emitrance. The position of the solenoid
1~ given by o complicated integral expression, depending on
the accelerating gradient and ff foeusing. The computer code
deseribed here integrates this expression and caleulates the best
salegond lens position for a0 given phasing and field amplitudes
of the aceelerating cavities.

Introduction

[n eathier papers.’ we have deseribed a technngne of

foonsing o charged particle beam wath a lens 1o allow exaet
compensation of the nonlinear space charge torees Lefore the
lens with the nonhnear space-charge forces after the lens. This
nppears as a growth 1 the beam’s normalized rins emitrance
forlowed by a subsequent reduction, eesulting in no overall
cunttance growth, Tlus technique is only vadid in the case of
~inall radial distortions of the bYeam, with no longitudinal mixing
of particles. thus requining a sutficiently  smal’ longitudinal
energy spread This technigque is responsible for the drastie
nzprovement o enuttance that is possble in linses driven
by toelecerie mpecters! instead of conventional thernuonic
cithorless A photoelectiic mjector consists of n laser dnven
plotocathiode e the Hest ff cavity ana linae swenon - This
desien provades extrenely quuck aceeleration to nuiduple MeV's,
~overy Uttle enetgy spread is wtrodueed by the longindinal
spive charge foreess and thie beam is teansversely saff enongh
1: ||| Toripp e hl'u\ defortn Bevanse phulm athodes e .||-.|| ler
tonlucing hnl.‘lrnl\ of amperes to hilontiperes, .--m,l'. dinal
!Hl .|'l||lll. In Lol Hecessury However, the collipnratine l_\ ow | ik
caitents possibie from thernnonie cathodes tequire longotadinal
Bl The tesiiting minang of e paaticles removes
he cotreition of emattance with longtwhinal poston Thas
Hective themaizntin of the heun ehmmnates the abiliey o
cusate for the noulinenr space chinrge fotees The domnane
anatanee aiowth mevhasm for borly twypes of mjectors nncder
': "l"'l“"h( l'llllll”ll!“* I~ 'l‘“' to ““lll”l"'u ‘ll"l"' "hillL'.l'
faves Y Becanse the techiagque deserthed above can e lace
einttanee for photoelectine agectors et not for toaanone
coectots photvelectie igec nors can pros ele enattaness an ardey
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Le transported and focnsed The techiigque to vednee the ros
crnttance works soleiv hecinse 1t Lappens wlile the faces are
stiil nonlinear.

Analytic Model

Althoagh the beann is in general accelerating it is possible to
conatruct an instantaneous inertial frame of reference comoving
with the beam. If rhe acceleration is suthaently small compared
to the bheam l"ll){fh so retardation effects do not create relative
bheam motion amd variations n density, then the transverse
;).‘\I‘!l«‘l«' niototg nlu'_\‘s

«i"!' .
E = Ay P8 ) .
whete ty is the proper tine i the mstantancons heam frame of
reference and \p, i= the foree tiues the electrone l‘hi\l'l{r' Oover ars
mass 0 that trame, The laboratory frame s counected to the
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Space-Charge Model

We have shown carhier that of the funetion dependeney f
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The factors pf and 7 can be o ; Voot ot
realistic terms. with no chianges i the followng resnits, except
tuat the constants an the exponent terms must he moditied

Integral Equations

Eil\lﬂ!iull 9 has doubied the ('UIHPI(‘\H)’ of the space charge
mode] from Eq. 81 The general techgne to obtian a soncron
~o that
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and see which terms ao not vash wdentieally Using BEgo N
s ondy to requining that the coefaent of the term
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Now with Eq 290 for the space charge Jotee the coettioents of
the three rerms
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thie three equations that must be satistied bhecome
FH: 0 o
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These equations are poninear. but can be satistied
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additional Hexatality aong with tuning o o td a0 sob
oalternative techgune would he tomelude two more Donses

at different ocations Although thos would wead o a0 e
cotiation for the values of the lenses” focal strengthis foamnately,
ail tenms quadratie and hagher drop ont leaving a sunpic bneat
svetemn to solve  Of course i general, the ategris deperad on
the lenses” strength beeanse they modify the beam < aspec oo
rhrough focusing. bhut rvpically, the couphingas sutheents
Lasas not i proidlem
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Conclusion

We hiave presented coupded tntegral equations that 8 wed
wad to o demgn for n photoelectin anjecton that has tenaoned
corteiated ennttance The analvsis imcludes amore sopihistn anoa
Spece nhul](" model and Shows that e A'»l}l'} LCRIE FITI SR

woeelerating grndhiont s satheont to nnninaze the eriog e
conntions toon evel that provides ondy shght enatran o oo,
}'n“((n“«n Kxnwvf. h:nu (f :‘1":': t~ hu\" Lot el el o I
chev Have heens disconsaed Befores and ot s assanaed e i
coeetar design bns anmnzed theme The effeces b 11 i
the entrances and exats of the of cells has also not heeoon eded
Bt o] he with somne additionen algebn aned wornd e e
the fonmn of the <olation
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